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[57] ABSTRACT

A new silica is formed by hydrothermally reacting an
aqueous dispersion of silica and sodium hydroxide,
under certain conditions, to form a partly polymerized
silicate; spray drying the mixture to form spheres of
polysilicate; reacting the spray dried polysilicate with
sulfuric acid to form a synthetic silica; and then filter-
ing, washing and drying the silica. This and other silicas
having a BET surface area greater than 60 sq m/g, and
oil absorption of 60-140 cc/100 g, and with at least 70%
of the silica larger than 44 microns are useful as adsor-
bents in polyol purification.

3 Claims, No Drawings
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1.
ADSORBENTS FOR POLYOL PURIFICATION

CROSS-REFERENCE TO RELATED
’ APPLICATIONS

This is"a continuation-in-part of application Ser. No.
74,226 filed Sept. 10, 1979 entitled SYNTHETIC SIL.-
ICA AND USES THEREOF which is a continuation
of application Ser. No. 869,347 filed June 13, 1978, now
abandoned.

BACKGROUND OF THE INVENTION

This invention relates to a synthetic silica which is
useful as an adsorbent for polyol purification.

Commercially available synthetic silicas are derived
either by a liquid process or a vapor process. Products
obtained by the vapor process are calied fumed or pyro-
genic silicas. Products obtained by the liquid process
are either silica gels or precipitated silicas (silicon diox-
ides). Thus, there are three distinct types of synthetic
silicas on the market. '

1. PYROGENIC SILICAS

Pyrogenic or fumed silicas are prepared by reacting
silicon tetrachloride vapor with oxygen and hydrogen
gas at high temperatures. These products have high
external surface areas.

2. SILICA GELS

Silica gels are of two types—-hyd/rogels and aerogels.
Hydrogels are prepared by reacting a soluble silicate,
such as sodium silicate, with strong sulfuric acid. The
gel is washed salt-free, dried, steam micronized, and
then classified. Aerogels are prepared from crude hy-
drogels by displacing its water content with an alcohol.
The alcohol is then recovered by heating the gel in an
autoclave.

Aerogels are lighter and fluffier than hydrogels be-
cause the shrinkage of the gel structure is avoided dur-
ing the drying process. Gels have very large surface
- areas, generally in the range of 300-1,000 sq m/g and
high porosities. :

3. PRECIPITATED SILICAS

Precipitated silicas are produced by the destabiliza-
tion and precipitation of the silica from soluble sodium
silicates by the addition of a mineral acid such as sulfu-
ric acid or an acidic gas such as carbon dioxide.

When the acid or acidic gas is added to the sodium
silicate, the silica starts precipitating. The acid or acidic
gas is added until the sodium oxide of the sodium sili-
cate in the silica is less than about 1 percent by weight.
The acid or acidic gas is added to the sodium silicate to
neutralize the alkali portion bound to the silicate anion.
The reaction slurry is then filtered and washed free of
reaction by-product, which is the sodium salt of the
acid. The filter cake is dried and milled to obtain a silica
of desired degree of fineness.

U.S. Pat. Nos. 3,939,262 and 4,007,260, which issued
to Keun Y. Kim, discuss silicas prepared by exchanging
h.y-drogen for the sodium ion of a particulate sodium
silicate having an silica/sodium oxide ratio of from 1.6
to 3.75, containing only 10 to 25% by weight of water.

In U.S. Pat. No. 3,838,192, a sodium polysilicate is
prpduced by hydrothermal treatment of a dispersion of
silica and sodium hydroxide. After the silicate is partly
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polymerized, the reaction mixture is spray dried, milled
and further processed.

Potassium is a catalyst used in the manufacture of
polyols which are used in the manufacture of polyure--
thane. When the polyol is manufactured, it will be
found to contain residual potassium ions. These potas-
sium ions need to be removed before the polyol is used
to make flexible polyurethane. Therefore, the polyol
manufacturer needs an adsorbent to remove the residual
catalyst if he is to guarantee the quality of his polyol.

The characteristics of an adsorbent of this type
should be such that it will filter well, have a reasonable
absorption capacity, and not leach any impurities into
the polyol. The silica of the present invention has these
characteristics.

SUMMARY OF THE INVENTION

An object of this invention is to provide an improved
adsorbent for polyol purification.

Other objects and a fuller understanding of the inven-
tion may be had by referring to the following descrip-
tion and claims. ’

The present invention achieves its objectives by
forming a synthetic amorphous silica in a four step
process.

In the first step, an aqueous dispersion including
finely divided silica and a sodium hydroxide are sub-
jected to hydrothermal treatment at a temperature and
for a period of time effective to react the silica and the
sodium hydroxide to form a partly polymerized silicate.
The temperature of the hydrothermal treatment is in the
range of about 138 to 210 degrees Celsius; is preferably
from about 154 to 177 degrees Celsius; and is more
preferably about 157 degrees Celsius. The length of the
hydrothermal treatment is from about 2.5 to 4.5 hours;
and is preferably about 3 hours. The dispersion of silica
and hydroxide has a silica/sodium oxide weight ratio of
at least 1.8:1; preferably from 2.2:1 to 2.6:1; most prefer-
ably about 2.4:1.

In the second step, the reaction mixture is spray dried
to form minute hollow spheres of sodium polysilicate
having a bulk density of about 0.4 g/cc. The tempera-
ture at which the polysilicate is spray dried is at least
204 degrees Celsius; is preferably from about 204 to 538
degrees Celsius; and is most preferably at about 316
degrees Celsius.

In the third step, the polysilicate is reacted with a 5 to
15% sulfuric acid solution, preferably a 11.4% sulfuric
acid solution.

In the fourth step, the syntheti¢ silica is’ filtered,
washed and dried. .

Any granular amorphous silica would be useful as an
adsorbent for polyol purification if it has a BET surface
area greater than 60 sq m/g, an oil absorption of be-
tween 60 and 140 cc/100 g, and at least 709 of the silica
is larger than 44 microns. This adsorbent may also con-
tain up to 5% of a metal cation adduct of either alumi-
num, magnesium, zinc or calcium.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In one of its broadest aspects, the present invention is
based on the discovery that an adsorbent for polyol
purification can be produced by first hydrothermally
reacting an aqueous suspension of finely divided silica
and an sodium hydroxide to form a reaction mixture of
partly polymerized sodium silicate; then spray drying
the resulting reaction mixture to form minute hollow



4,296,000

3.
sphetes ofisodium polysilicate;:reacting the spray dried
polysilicate with sulfuric acid to form a synthetic silica;
and-then-filtering; washing and drying the silica:
-+{n accordance withthe present invention, an aqueous
dispersion: of finely divided silica and a sodium hydrox-
ide:are:subjected to. hydrothermal treatment at a tem-
peraturé anid:for-a period of time effective to transform
the reactants-info sodium silicates that are at least par-
tially polyimerized and which contains polysilicate ions
in'a polymerized; irreversible state.
:+As used herein; the term finely-divided silica refers to
aifinely .divided powder containing at: least 99% silica
and having a particle size such that at least 95% of the
particles.are;no larger than 75 microns. Silica powders,
referred to in the art as “Silica flour” or its equivalent,
are suitable. __

The hydrothermal treatment oOf the aqheous dlsper-
sion of finely divided silica and hydroxide is effected in
a closed vessel at temperatures -above the boiling point
of the aqueous. suspension being treated and under the
elevated pressures obtained at such temperatures. Any
suitable pressurized equipment may be employed if
provided ;with means for: maintaining: the aqueous mix-
tuze under high agitation and if provided with means
(e.g., a steam jacket) for maintaining the dispersion at
the desired temperatures and pressures.

= In this; regard, .the- hydrothermal treatment of the
s111;:a and so_dmm hydroxide dispersion is conducted at
temperatures in.the range.of from about 138 to 210
degrees :‘Celsius and corresponding pressures of about
5:6 t0 214 kg/sq.cm.. A preferred temperature range is
from 154 to 177 degrees Celsrus and most preferably is
157 degrees.Celsius. .

-The teaction time is a function’ of the temperature
employ_ed The reaction time must be sufficient to allow
the silica:and hydroxide fo react to form a partly poly-
merizedsilicate. Reaction periods on the order of about
2.5,:10;4.5 ‘hours are required for -the: above identified
temperature ranges. Higher temperatures result in re-
duced .reaction-times.but regardless of the temperature,
the. reaction:time-must be-sufficient to achieve partial
palymer:zatlon A preferred reaction time-is about 3
hours ol

: Sodium srhcates havmg a- s1hca to sodlum oxide
welght ratio on.the order of about 1.5:1.are in simple
ionic form. As indicated, the first step is directed to a
process. for making an sodium polysilicate that is at least
partially ;polymerized. Therefore,.the concentration of
the reactants must be such that the silica/sodium oxide
weight ratio of the product is at least 1.8:1. It has been
discovered that products having silica/sodium oxide
weight- ratios-of .from about 2.2:1 to. 2.6:1, preferably
2.4:1, are particularly advantageous. Thus, the initial
composition of the reactants (on a dry basis) is from
about 69 to 72 percent by weight silica and from about
31 to-28 percent:by weight sodium oxide.
~«Jhe reaction mixture must be fluid. However, very
dilute reaction mixtures cause a substantial decrease in
the rate of reaction. Preferably, the weight percent of
water, based on the total weight of the reaction mixture,
is from about 20 to 60%:

- In:thg,second:step, the reaction mixture is spray dried
to form minute. hollow. spheres of polysilicate having a
bulk--density. of about..0.4 g/cc. The temperature at
whichithe polysilicate is. spray dried is-at-least 204 de-
grees;Celsius;: is.preferably from 204 to 538 degrees
Celsrus, and is most preferably at about 316 degrees
Celsius. - . .
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In the third step, the polysilicate is added to sulfuric
acid and allowed to react to form synthetic silica. The
concentration of the sulfuric acid solution may vary
from 5 to 15%, but it must be sufficient so that essen-
tially all the sodium ions in the sodium silicate are ex-
changed for hydrogen ions.

The amount of sulfuric acid solution used must be
large enough relative to the amount of sodium silicate to
insure that essentially all sodium ions in the solid phase
are replaced by hydrogen ions. The use of large
amounts of sulfuric acid solution is of no particular
advantage and is avoided for reasons of economy. A
convenient method for controlling the ratio of acid to
silicate is by pH measurement in the reactor. The opti-
mum final pH is from about 2 to about 7.

Adequate reaction time must be provided to allow
the exchange of hydrogen ions for sodium ions to go
substantially to completion. Completion of the reaction
can be recognized by observing the cessation of reac-
tion mixture pH drift. A preferred reaction time is about
1 hour. This reaction may be carried out at any conve-
nient temperature, for example, from about 15 to about
80 degrees Celsius.

In the fourth step the silica is filtered, washed and
dried. Because of the granular nature of the starting
sodium silicate particles, and because these particles do
not appreciably disintegrate during ion exchange, the
amorphous silica thus formed can be readily separated
from the mother liquor using a filter and washed with-
out difficulty. The silica thus separated does not contain
much water and, therefore, requires less drying. The
amorphous silica formed is dried in any conventional
dryer.

In the most preferred embodiment, sodium hydroxide
in the form of a concentrated solution preferably con-
taining about 50% NaOH is charged to an agitated
reaction vessel. Thereafter finely divided silica, which
is introduced as an aqueous slurry, is charged to the
reaction vessel. The dispersion of silica and sodium
hydroxide has an silica/sodium oxide weight ratio of
from about 2.4:1. The aqueous dispersion is kept under
constant agitation during the charging as well as during
the reaction period. The concentrated caustic solution is
preferably preheated to a reaction temperature of 157
degrees Celsius prior to the introduction of the silica
slurry. If the caustic solution is not preheated, the aque-
ous solution containing the silica and hydroxide is ini-
tially heated to the reaction temperature. The reaction
mixture is maintained at the reaction temperature for
about 3 hours.

At the end of the reaction period, the reaction vessel
is vented and the mixture is passed by gravity, into a
drop tank which contains dilution water at approxi-
mately ambient temperatures. In this manner, the tem-
perature of the reaction mixture is cooled quickly and
efficiently and the weight ratio of the reaction product
to water is adjusted to the concentration required for
the spray drying of the product.

The aqueous mixture in the drop tank is passed
through a clarification filter to remove small quantities
of insolubles, such as sand, unreacted silica and the like.
The clarified aqueous mixture may then be passed into
a hold or storage tank or fed directly into the upper
portion of a spray dryer.

The aqueous mixture is introduced into the upper
portion of the generally upright, cylindrical chamber of
the spray dryer and passes through a spray nozzle. The
latter causes the aqueous mixture to be finely and evenly
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dispersed within the chamber and in direct contact with
a mass of upwardly directed hot air. Suitable control
valves may be provided for regulating the rate of feed
of the reaction mixture, as well as that of upwardly
directed air. The spray drying is effected at about 316
degrees Celsius. In a preferred range of spray drying,
inlet air temperatures are on the order of from about 204
to 538 degrees Calsius. In this manner, the “flashing off”
of the water in the spray dryer is effected rapidly with

the resultant spray dried droplets being in the form of 10

hollow microspheres having a bulk density of about 0.4
g/cc.

The sodium polysilicate is then reacted with an
11.4% solution of sulfuric acid solution for sufficient
time to replace the sodium ions in the particulate so-
dium polysilicate with hydrogen ions. The concentra-
tion is preferably on the order of 11.4% but other con-
centrations can be used. The reaction is continued until
all of the sodium jons have been replaced. Once the
synthetic amorphous silica is produced, it is filtered,
washed and dried.

Silicas with a BET surface area greater than 60 sq
m/g; an oil absorption of between 60 and 140 cc/100 g;
and at least 70% of the silica particles larger than 44
microns are particularly useful as adsorbents for polyol
purification.

The characteristics of a good adsorbent for polyol
purification are: (1) it should filter well; (2) it should
have a reasonable adsorption capacity; and, (3) it should
not leach any impurities into the polyol.

Silicas which have at least 70% of the particles larger
than 44 microns are so coarse as to filter exceptionally
well.

Silicas having an oil absorption of between 60 and 140
cc/100 g, have a reasonable adsorption capacity. -

Silicas, being basically pure silica, have no impurities
to leach into the polyol. '

These silicas can be made as described by hydrother-
mally reacting, under certain controlled conditions, an
aqueous suspension of finely divided silica and an alkali
metal hydroxide to form a partly polymerized silicate;
spray drying the resulting reaction mixture to form
spheres of sodium polysilicate; reacting the polysilicate
with an acidic solution to form a synthetic silica; and
then filtering, washing-and drying the silica.

Other silicas having an oil absorption of between 60
and 140 cc/100 g; a BET surface area greater than 60 sq
m/g; and at least 70% of the silica larger than 44 mi-
crons can be produced by the processes disclosed in
U.S. Pat. Nos. 3,893,840; 3,998,162; and 3,960,586. The
disclosure of these three patents are hereby incorpo-
rated by reference.

When up to 5% of a metal cation adduct, such as
‘aluminum, magnesium, zinc, or calcium is added to any
of the adsorbents above, there is a significant improve-
ment in surface area. '

The invention will be further illustrated by the fol-
lowing examples which set forth particularly advanta-
geous method and composition embodiments. While the
examples are provided to illustrate the present inven-
tion, they are not intended to limit it thereto.

PREPARATION OF SODIUM POLYSILICATE
EXAMPLE A
A hollow, spherical sodium polysilicate was prepared
by the following process. 4,024 kg of a 50% NaOH

solution was charged to a stainless steel autoclave pro-
vided with means for continuously agitating the solu-
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tion. A silica slurry, prepared by dispersing 4,204 kg of
silica flour into 2,292 kg of water, was then charged to
the reactor. The autoclave was sealed and the tempera-
ture of the aqueous mixture was preheated (by the intro-
duction of steam into an exterior steam jacket) to 157
degrees Celsius over a one-hour period producing a
pressure of 8.1 kg/sq cm. The reaction mixture was
thereafter maintained at this temperature for 3 hours.
Continuous agitation was maintained throughout the
heat-up and reaction period. At the end of the three-
hour reaction cycle, the steam was shut off and the
autoclave partially vented to reduce the pressure to
about 5.3 kg/sq cm. The vent was then fully opened and
the reaction mixture fed by gravity into a drop tank
positioned beneath the autoclave and containing 6,869
kg of water at 25 degrees Celsius. The mixture in the
drop tank was pumped through a classification filter
and introduced into the upper portion of a spray dryer.

The aqueous mixture was fed into the spray dryer at
a rate of 9,571 kg per hour, the concentration of the
mixture comprising 0.48 kg of sodium polysilicate per
liter. The speed of the spray nozzle was about 11,000
rpm. The spray dryer inlet and outlet air temperatures
were 316 and 93 degrees Celsius, respectively. The
spray dried product was collected and withdrawn from
the base of the spray dryer by a screw conveyor. 5,661
kg of sodium polysilicate, having a silica/sodium oxide
weight ratio of 2.4:1 and a density of 0.128 g/cc was
recovered from the spray dryer. The fact that the prod-
uct produced in this example was partially polymerized
was established by conductivity tests as determined by
the Harman technique, set forth in R. W. Harman, Jour-
nal of Physical Chemistry 32, 44-60 (1928).

EXAMPLE B

‘The procedure of Example A was repeated except
that the temperatures and pressures of the hydrothermal
reaction were varied in a series of examples as shown by
the following table.

TABLE I

Temper- Reaction

) . ature Pressure time

Run No. (Celsius) kg/sq cm (min.)
1 127 4.5 2710 -

2. 138 5.5 240

3 160 83’ 180

4 177 115 175

5 193 15.8 160

6 210 21.4 150

The products obtained in these runs were the same as
that obtained in Example A. From the Table, it may be
seen that an increase in the temperature and pressure
increases the rate of the hydrothermal synthesis.

Further, it was noted that hydrothermal reactions
conducted at temperatures below 127 degrees Celsius
produced little polysilicate transformation even for
reaction periods on the order of 10 hours or longer.

EXAMPLE C

In a series of tests, the procedures of Example A-were
repeated except that the quantities of reactants in the
hydrothermal treatment were varied as indicated.
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TABLE II

Product

Reactants, wt. percent silica/sodium oxide

Run No. silica NaOH water wt. ratio obtained
1 390 216 39.4 23
2 425 17.7 39.8 2.5
3 43.4 16.6 © 400 2.6
4 438 . 162 2.7

40.0

PREPARATION OF;SILICAS
EXAMPLE 1

1045 g of a sodium polysilicate similar to that of Ex-
ample A but having a bulk density of 0.416 g/cc was
added to 3000 ml of 11.4% sulfuric acid in 40 minutes.
The reaction slurry (pH of 4.0) was filtered in a Buch-
ner filter. The wet cake was washed with tap water and
dried at 150 degrees Celsius. Pertinent data is set forth
in Table IIL

EXAMPLE 11

The procedures of Example I were repeated except
that: (1) 525 g of sodium polysilicate was added to 3000
ml of 5.7% sulfuric acid in 50 minutes; and (2) the final
pH of the reaction slurry was 6.0. Results of the experi-
ment are listed in Table IIL

TABLE III

UNMILLED SILICA
EXAMPLE I 11
Sulfuric acid, % 11.4 5.7
Density, g/cc 0.416 0.416
Final pH, reaction 4.0 6.0
Reaction time, min. 40.0 50.0
% Wet Cake Moisture 70.5 80.0
BET Surface Area,
sq m/g 436.0 281.0
Oil Absorption,
cc/100g 68.0 73.0

The adsorption capacity of silica adsorbent for the
alkaline component (residual catalyst) in polyol was
determined by first preparing a polyol solution contain-
ing 0.3% potassium hydroxide (KOH). The adsorbent
was mixed with the polyol—KOH solution and after a
specified length of time the polyol was filtered. the
residual concentration of KOH in the filtrate was deter-
mined by atomic absorption (AA) spectroscopy.

In the actual test method a 3-neck flask was used and
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fitted with an agitator and thermometer. 200 grams of 50

crude polyol containing 0.3% KOH was added to the
3-neck flask. The polyol solution was heated to 95 de-
grees Celsius and then 2 grams of synthetic silica absor-
bent was added. The adsorbent polyol mixture was
heated for 40 minutes and then filtered immediately into
a 7 centimeter diameter Buchner funnel using a No. 1
Whatman filter paper. The filtrate was analyzed for
residual KOH. The following data was obtained (see
Table IV).

TABLE IV
% Residual KOH Silica Adsorption
Silica Adsorbent in Filtrate Capacity mg KOH/g
From Example 1 0.10 200
From Example II 0.08 220

From data in Table 1V, it is clear that synthetic silicas
of the present invention can be efficiently used to re-
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8 .
move traces of alkaline catalyst impurities such as KOH
from polyols.

EXAMPLE III

114 liters of a 0.15 kg/liter sodium silicate solution
(silica to sodium oxide molar ratio of 2.5) was added to
a stirred reactor and the silicate solution was heated to
85 degrees Celsius. Sulfuric acid of 11.2 percent concen-
tration was added to the reactor at the rate of 3.07 liters

-per minute until a pH of 10.0, plus or minus 0.1, was

reached. At this pH, the precipitation of silica micelles
just started. The acid was shut off and the reaction
medium was aged for 10 minutes. After the aging per-
iod, both acid and silicate were added simultaneously at
the rate of 3.18 and 3.79 liters per minute, respectively.
The silicate was turned off after 30 minutes, the acid
addition was continued and the batch was finished off at
pH 5.8, then filtered, washed and dried.

The percent wet cake moisture was 65%; the BET
surface area was 66 sq m/g; the oil absorption was 85
cc/100 g; and at least 70% of the particles were larger
than 44 microns.

EXAMPLE IV

Dry sodium sulfate was added to 37.9 liters of water
in a 757 liter reactor such that the sodium sulfate con-
centration in the reaction medium was 10%. The pH of
the reaction medium was adjusted to 9.0 by the addition
of sodium silicate. The reaction medium was then
heated to 66 degrees Celsius. Sodium silicate having a
silica and sodium oxide mol ratio of 2.5 and a concentra-
tion of 0.24 kg/liter and sulfuric acid of 11.4% concen-
tration were then added to the reaction medium at the
rate of 756 ml/min and 453 ml/min respectively so that
a constant precipitation pH of 9.0 was maintained. The
sodium silicate solution employed in this Example also
contained 7% sodium sulfate which was added to the
solution prior to its introduction into the reactor. After
30 minutes, the precipitation was complete. Excess acid
was adde until a slurry pH of 5.4 was reached. The
reaction slurry was digested at 77 degrees Celsius for 20
minutes and then filtered, washed and dried.

The product had a wet cake moisture content of 51%;
and a BET surface area of 173 sq m/g; and at least 70%
of the particles were larger than 44 microns.

Thus, in operation, a granular amorphous silica is
useful as an adsorbent for polyol purification if it has a
BET surface area greater than 60 sq m/g; an oil adsorp-
tion of between 60 and 140 cc/100 g; and at least 70%
of the particles are larger than 44 microns. This silica
can be produced either by the reacting of a dried
polysilicate with acid or by reacting acid with an aque-
ous dispersion of silicate. Up to 5% of a metal action
adduct such as aluminum, magnesium, zinc or calcium
can be added to the silica to increase surface area.

While the present invention has been described with
reference to specific embodiments, this application is
intended to cover those various changes and substitu-
tions which may be made by those skilled in the art
without departing from the spirit and scope of the ap-
pended claims.

I claim:

1. A method of producing an adsorbent for polyol
purification comprising a synthetic amorphous silica
having at least 70% of the silica larger than 44
microns produced by the method comprising the
steps of: : i

divided silica and an sodium hydroxide to hydro-
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thermal treatment at a temperature in the range
from about 138 to 210 degrees Celsius and for a
period -of time of from about 2.5 to 4.5 hours and
sufficient to react the silica and said sodium hy:
droxide to form a reaction mixture of partly poly-
merized sodium silicate, said aqueous dispersion
having a silica/sodium oxide weight ratio of at least
1.8:1;

(b) spray-drying said reaction mixture at a tempera-
ture of at least 204 degrees Celsjus to form minute
hollow spheres of sodium polysilicate having a
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10
bulk density of about 0.4 g/cc;

(c) reacting the polysilicate with a 5 to 15% sulfuric
acid solution to form a synthetic amorphous silica;
and '

(d) filtering, washing and drying the synthetic amor-
phous silica.

2. A method of producing an adsorbent according
to claim 1 wherein a metal cation adduct selected
from the group consisting of aluminum, magnesium,
zinc and calcium is added to said synthetic silica until
the silica contains up to 5% by weight of said metal
cation adduct.
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